A 67-year-old male with stable angina was admitted to our cardiovascular center. He had neither any history of smoking, diabetes mellitus, hypertension, cerebrovascular accident nor family history of coronary artery disease. Coronary angiography showed a 90% tubular eccentric luminal narrowing at the mid left anterior descending artery (m-LAD). A sirolimus-eluting stent (SES) was implanted in the m-LAD. Coronary angiography performed after 9 months did not reveal restenosis or recurrent coronary artery disease. However, the patient returned to the emergency room with severe chest pain after 17 months. Coronary angiography showed severe diffuse vasospasm distal to the m-LAD stent site. After 20 days, vasospastic myocardial infarction developed. A zotarolimuseluting stent with a phosphorylcholine polymer was implanted distal to the m-LAD stent. The zotarolimus-eluting stent was used because the polymer in the SES or sirolimus was considered a possible cause for the recurrent vasospasm. The patient had no further chest pain during the 9 months after zotarolimus-eluting stent implantation. We suspect that the polymer in the SES or sirolimus might have caused endothelial dysfunction and provoked the late vasospasm. Here, we describe this case of late recurrent vasospasm after SES implantation. 
Introduction
Sirolimus-eluting stents (SESs) have been shown to reduce the incidence of angiographic and clinical restenosis. [1] [2] [3] However, the antiproliferative properties of the currently available SESs delay vessel healing.
4)5)
Preliminary data suggest that SES is associated with endothelial dysfunction and impairment of endothelial vasomotor functions. Endothelial dysfunction and incomplete vascular healing may play a key role in the development of paradoxical vasoconstriction. Recent studies have reported on coronary vasomotor responses after SES implantation. Some investigators have concluded that implantation of an SES is associated with endothelial dysfunction in the proximal and distal regions of the treated coronary segment, whereas implantation of bare-metal stents does not produce any vascular response to exercise or acetylcholine infusion.
6)7)
In addition, Maekawa et al. 8) using an acetylcholine test 6 months after the intervention, reported severe endothelial dysfunction distal to the implanted stent site.
The present report describes a case of late recurrent vasospasm 17 months post-SES implantation even after treatment with a calcium-channel blocker, nitrate, nicorandil, and an alpha-channel blocker. We successfully implanted a zotarolimus-eluting stent (Endeavor TM , Medtronic Ireland, Ireland) in the vasospastic lesion distal to the segment containing the SES. The patient has remained asymptomatic during the 9 months after the implantation of the zotarolimus-eluting stent. We suspect that the late recurrent vasospasm was due to endothelial dysfunction associated with SES implantation.
Case
A 67-year-old male with stable angina was admitted to our cardiovascular center. He had no risk factors such as diabetes mellitus, hypertension, hypercholesterolemia, alcohol, or smoking. Coronary angiography showed a 90% diffuse eccentric luminal narrowing at the mid left anterior descending artery (m-LAD). The m-LAD artery lesion was predilated with an undersized balloon (2.5 mm×20 mm at 8 ATM), and a sirolimuseluting stent (3.0×28 mm at 12 ATM) was implanted (Fig. 1) . The patient was discharged without any inhospital complications.
The patient underwent follow-up angiography at 9 months after stenting. The coronary angiography did not show restenosis or recurrence of coronary artery disease. The patient was asymptomatic and was treated with a β-blocker, aspirin, clopidogrel, nitrate, and atorvastatin. However, he returned to the emergency room with severe chest pain at 17 months after stenting; at this time, the cardiac enzymes were normal. Coronary angiography showed a severe diffuse vasospasm distal to the m-LAD stent site (Fig. 2) . The vasospasm improved after treatment with intracoronary nitrate administration (Fig. 3) . The patient was discharged with the prescription of a calcium-channel blocker, nitrate, nicorandil, alpha-channel blocker, aspirin, and clopidogrel. At 20 days after discharge, a vasospastic myocardial infarction developed. The levels of cardiac enzymes were markedly elevated (peak troponin-I, 60 ng/mL; peak CK-MB, 190 mg/L). ST segment elevation had developed in leads V1-V5 on electrocardiography (Fig. 4) . A coronary angiography was performed, and it did not show significant stenosis or thrombosis and the stent was patent. We considered that the severe spasm, distal to the m-LAD stent site, caused the vasospastic myocardial infarction. Therefore, we decided to insert a zotarolimus-eluting stent with a phosphorylcholine polymer distal to the m-LAD stent to cover the vasospastic arterial segment. The non-erodible polymer in the SES might have caused the vasospasm (Fig. 5A ). An excellent angiographic result was achieved (Fig. 5B) , and the patient has remained asymptomatic during the 9 months after zotarolimus- B A eluting stent implantation. We suspect that the abnormal vasoconstriction in the arterial segment distal to the SES was due to a local effect of the sirolimus or non-erodible SES polymer on the endothelial function.
Discussion
Sirolimus inhibits endothelial cell as well as smooth muscle cell proliferation by cell cycle arrest in the late G1 phase of cell division. 4 7 ) used acetylcholine to demonstrate paradoxical vaoconstriction in peristent segments at 6 months after stent deployment. The paradoxical response of the stentimplanted arteries has been attributed to reduced nitric oxide bioavailability at the site of stenting. Acetylcholine dilated normal coronary artery segments by promoting the synthesis and release of nitric oxide in the endothelium.
11) Contrastingly, in segments with endothelial damage, acetylcholine constricted the coronary arteries because of disturbed nitric oxide synthesis and release. 12) Togni et al evaluated the endothelial function by studying the flow-mediated changes induced by exercise. They reported that exercise-in-duced coronary vasodilation in the peristent area was impaired in patients with SES, whereas it was not impaired after bare-metal stent implantation.
6) However, there is no report on an abnormal vasomotor response at 6 months after implantation.
In this case, the vasospasm occurred approximately 17 months after stenting without any significant stimulation. The vasodilator response to nitroglycerin was maintained. The Cypher stent TM (Cordis, Johnson & Johnson, Miami Lakes, FL, USA) was designed to achieve more than 80% sirolimus elution by 30 days after implantation 13) and 100% elution by 60 days. 14) Therefore, the endothelial dysfunction 17 months after the SES implantation was not due to a direct effect of sirolimus. The relationship between adverse clinical events and abnormal vasomotor activity after stent implantation is speculative and remains to be confirmed. However, severe endothelial dysfunction in the absence of an obstructive coronary artery disease is associated with increased cardiac events. 15) A recent report has described severe multivessel spasms and aborted sudden cardiac death at 10 h after paclitaxel-eluting stent implantation.
9) Wheatcroft et al have described similar events immediately after SES implantation. 10) However, the exact mechanism underlying coronary artery spasm after stent implantation is not known. Endothelial dysfunction after drugeluting stent implantation may be caused by drugs (sirolimus, paclitaxel, etc) or the non-erodible polymer and hypersensitivity reactions.
Pharmacologic therapy remains the treatment of choice for vasospasm. Some reports have shown good results after coronary stenting in patients with refractory vasospastic angina. [16] [17] [18] [19] [20] The decision to implant zotarolimus-eluting stent (Endeavor TM , Medtronic, Ireland) in patients with vasospastic coronary arteries is based on several factors including recurrent angina refractory to aggressive drug therapy; documented, localized spasm at the site distal to the previous stent; and the occurrence vasospastic myocardial infarction. A non-erodible polymer is the platform used for SES stents that have been associated with endothelial dysfunction. Therefore, we used the zotarolimus-eluting stent with a biocompatible phosphorylcholine polymer.
In conclusion, using an SES has been associated with the potential risk of unfavorable alteration of coronary vasomotor activity. Abnormal coronary vasomotor activity may cause severe refractory vasospasm. We successfully managed a refractory coronary vasospasm due to endothelial dysfunction with a zotarolimus-eluting stent. A further study is required for the development of adequate prevention and treatment of endothelial dysfunction associated with stent implantation. 
